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BACKGROUND
Guidelines to promote the early recovery of patients undergoing major surgery rec-
ommend a restrictive intravenous-fluid strategy for abdominal surgery. However, the 
supporting evidence is limited, and there is concern about impaired organ perfusion.

METHODS
In a pragmatic, international trial, we randomly assigned 3000 patients who had 
an increased risk of complications while undergoing major abdominal surgery to 
receive a restrictive or liberal intravenous-fluid regimen during and up to 24 hours 
after surgery. The primary outcome was disability-free survival at 1 year. Key sec-
ondary outcomes were acute kidney injury at 30 days, renal-replacement therapy at 
90 days, and a composite of septic complications, surgical-site infection, or death.

RESULTS
During and up to 24 hours after surgery, 1490 patients in the restrictive fluid 
group had a median intravenous-fluid intake of 3.7 liters (interquartile range, 
2.9 to 4.9), as compared with 6.1 liters (interquartile range, 5.0 to 7.4) in 1493 
patients in the liberal fluid group (P<0.001). The rate of disability-free survival at 
1 year was 81.9% in the restrictive fluid group and 82.3% in the liberal fluid group 
(hazard ratio for death or disability, 1.05; 95% confidence interval, 0.88 to 1.24; 
P = 0.61). The rate of acute kidney injury was 8.6% in the restrictive fluid group and 
5.0% in the liberal fluid group (P<0.001). The rate of septic complications or death 
was 21.8% in the restrictive fluid group and 19.8% in the liberal fluid group 
(P = 0.19); rates of surgical-site infection (16.5% vs. 13.6%, P = 0.02) and renal-replace-
ment therapy (0.9% vs. 0.3%, P = 0.048) were higher in the restrictive fluid group, 
but the between-group difference was not significant after adjustment for multiple 
testing.

CONCLUSIONS
Among patients at increased risk for complications during major abdominal sur-
gery, a restrictive fluid regimen was not associated with a higher rate of disability-
free survival than a liberal fluid regimen and was associated with a higher rate of 
acute kidney injury. (Funded by the Australian National Health and Medical Re-
search Council and others; RELIEF ClinicalTrials.gov number, NCT01424150.)
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Each year, at least 310 million pa-
tients undergo major surgery worldwide,1 
procedures that involve the administration 

of intravenous fluids. Clinicians have traditionally 
administered generous amounts of intravenous 
fluids perioperatively to correct for preoperative 
fasting and other fluid deficits, anesthesia-induced 
vasodilation, hemorrhage, and accumulation of 
fluid in extravascular spaces2 and to enhance tis-
sue oxygen delivery and maintain urine output.3-5 
Occult hypovolemia may occur in up to 60% of 
such patients.4,6,7

Traditional intravenous-fluid regimens that are 
administered during abdominal surgery deliver 
up to 7 liters of fluid on the day of surgery.8-10 Such 
regimens can lead to tissue edema and weight gain 
of 3 to 6 kg.8,11,12 Some small trials have shown 
that a more restrictive fluid regimen led to fewer 
complications and a shorter hospital stay,9,11,13 and 
recent consensus statements support fluid restric-
tion.12,14,15 Restricting fluids to achieve zero balance 
is also a key component of enhanced recovery 
after surgery (ERAS) pathways, a perioperative 
care guideline that is designed to promote early 
recovery among patients undergoing major sur-
gery.12,14,16 However, the evidence for fluid restric-
tion during and immediately after abdominal 
surgery is inconclusive.12,15-17 Fluid restriction could 
increase the risk of hypotension and decrease per-
fusion in the kidney and other vital organs, lead-
ing to organ dysfunction, but excessive intrave-
nous-fluid infusion may increase the risk of 
pulmonary complications,18 acute kidney injury,19 
sepsis,20 and poor wound healing.21

Since the most effective intravenous-fluid regi-
men is unclear,12,22 we conducted the Restrictive 
versus Liberal Fluid Therapy in Major Abdominal 
Surgery (RELIEF) trial to compare a restrictive 
fluid regimen with a more traditional (liberal) 
regimen in patients who had an increased risk of 
complications while undergoing major abdomi-
nal surgery. Our primary hypothesis was that a 
restrictive fluid regimen in adults undergoing such 
surgery would lead to a lower rate of complications 
and a higher rate of disability-free survival than a 
liberal fluid regimen.22

Me thods

Trial Design

The RELIEF trial was an international, random-
ized, assessor-blinded trial comparing a restrictive 

intravenous-fluid regimen with a liberal regimen 
that represented traditional care in patients un-
dergoing major abdominal surgery. The rationale 
and design of our trial have been reported previ-
ously.22 The trial was funded by the Australian 
National Health and Medical Research Council, 
the Health Research Council of New Zealand, the 
Australian and New Zealand College of Anaes-
thetists, and Monash University. The trial proto-
col (available with the full text of this article at 
NEJM.org) was approved by the institutional re-
view board at each site.

The members of the steering committee (who 
are listed in the Supplementary Appendix, avail-
able at NEJM.org) designed the trial, gathered and 
analyzed the data, prepared the manuscript, and 
together with their coauthors made the decision 
to submit the manuscript for publication. The 
members of the steering committee vouch for 
the accuracy and completeness of the data set 
and adherence to the trial protocol and statisti-
cal analysis plan. There was no commercial in-
volvement in the trial.

Patient Selection and Randomization

We studied adults who had an increased risk of 
complications while undergoing major abdominal 
surgery that included a skin incision, an expected 
operative duration of at least 2 hours, and an ex-
pected hospital stay of at least 3 days. Surgical-risk 
criteria included an age of at least 70 years or the 
presence of heart disease, diabetes, renal impair-
ment, or morbid obesity. (Details regarding the 
categories of increased risk are provided in the 
Supplementary Appendix.) Patients were excluded 
if they were undergoing urgent or time-critical 
surgery, liver resection, or less extensive surgery 
(e.g., laparoscopic cholecystectomy) or if they had 
end-stage kidney failure requiring dialysis. All the 
patients provided written informed consent.

After enrollment, on the day of surgery, pa-
tients were asked to complete the 12-item World 
Health Organization Disability Assessment Sched-
ule (WHODAS).23 They were then randomly as-
signed in a 1:1 ratio to a trial group in permuted 
blocks and stratified according to site and planned 
postoperative destination (critical care or hospital 
ward) by means of a Web-based service.

Trial Treatments

The liberal intravenous-fluid regimen was designed 
to reflect traditional practices for abdominal sur-
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gery.8-10,24,25 A bolus of a balanced salt crystalloid 
solution was administered at a dose of 10 ml per 
kilogram of body weight during the induction of 
anesthesia, followed by a dose of 8 ml per kilo-
gram per hour until the end of surgery. The 
perioperative dose could be further reduced after 
4 hours if clinically indicated. For patients with 
a body weight of more than 100 kg, fluid volumes 
were calculated on the basis of a maximal body 
weight of 100 kg. Fluid infusion was continued 
postoperatively at a dose of 1.5 ml per kilogram 
per hour for at least 24 hours, but this dose could 
be reduced if there was evidence of fluid overload 
and no hypotension, or increased if there was 
evidence of hypovolemia or hypotension.

The restrictive intravenous-fluid regimen was 
designed to provide a net zero fluid balance.9,11,14 
Induction of anesthesia was accompanied by an 
intravenous-fluid bolus of no more than 5 ml per 
kilogram; no other intravenous fluids were to be 
administered before surgery unless indicated if 
using a goal-directed device (esophageal Doppler 
or pulse wave analyzer). An infusion of a balanced 
salt crystalloid solution at a dose of 5 ml per ki-
logram per hour was administered until the end 
of surgery. Intravenous fluids were continued 
postoperatively at a dose of 0.8 ml per kilogram 
per hour. The rate of postoperative fluid replace-
ment could be adjusted as outlined for the liberal 
fluid group, except that the use of vasopressors 
could first be considered for treating hypoten-
sion without evidence of hypovolemia. The total 
administration of fluid during the first 24-hour 
period was expected to be approximately half that 
in the liberal fluid group.

Bolus colloid or blood could be used intraop-
eratively in the two groups to replace blood loss 
(milliliter for milliliter). Alternative fluid types 
(other crystalloid, dextrose, or colloid) and elec-
trolytes were allowed postoperatively to account 
for local preferences and blood biochemical find-
ings. Oliguria was not used as an indication for 
the additional administration of intravenous flu-
id. All other perioperative care was performed 
according to the discretion and practices of local 
clinicians (see the Supplementary Appendix).

Blinding and Data Quality

The attending anesthesiologist and most medical 
and nursing staff members who were caring for 
patients on the ward had knowledge of the group 
assignments. All research staff members who were 

responsible for the primary outcome assessment 
were not aware of group assignments.

Members of a clinical end-points committee 
who did not participate in the trial adjudicated all 
secondary outcome events in a blinded manner. 
The committee members conducted trial-center 
visits with random audits during the trial, and a 
data-quality committee monitored data comple-
tion and accuracy. An independent data safety and 
monitoring committee monitored the trial for 
safety, which included a review of the results of a 
formal interim analysis that was performed after 
1632 patients had undergone randomization.

Measurements and Patient Follow-up

Patients were followed during their hospital ad-
mission and up to 1 year after surgery.22 We mea-
sured the quality of the recovery of each patient 
using a validated 15-item quality-of-recovery scale 
(QoR-15).26 On day 30, the medical records of all 
the patients were reviewed, and the patients were 
contacted to ascertain whether any of the primary 
or secondary outcomes had occurred. Research 
staff members collated source documentation for 
any outcome events. The QoR-15 and WHODAS 
questionnaires were repeated on day 30,23 and the 
WHODAS questionnaire was repeated at 3 months, 
6 months, and 12 months after surgery to ascer-
tain survival status and new-onset disability. 
Source documentation was required to confirm 
the occurrence of surgical-site infection, pneumo-
nia, or other septic complications up to 30 days 
after surgery; renal-replacement therapy up to 90 
days; and death during the first year (see the Sup-
plementary Appendix).

Trial Outcomes

The primary outcome was disability-free survival 
up to 1 year after surgery. Disability was defined as 
a persistent impairment in health status (lasting 
≥6 months), as measured by a score of at least 
24 points on the WHODAS questionnaire, which 
reflects a disability level of at least 25% (the 
threshold point between “disabled” and “not 
disabled”).23,27 The WHODAS questionnaire was 
completed by the patient or by a proxy (a spouse 
or caregiver) if the patient was not able to com-
plete it. The date of onset of any new disability 
was recorded (see the Supplementary Appendix).

The secondary outcomes were acute kidney 
injury, a composite of 30-day mortality or major 
septic complications (sepsis, surgical-site infec-
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Characteristic
Restrictive Fluid 

(N = 1490)
Liberal Fluid 
(N = 1493)

Mean age ±SD — yr 66±13 66±13

Male sex — no. (%) 771 (51.7) 783 (52.4)

Median body weight (IQR) — kg 84 (68–102) 83 (69–102)

ASA physical status — no. (%)†

1 25 (1.7) 21 (1.4)

2 542 (36.4) 540 (36.2)

3 849 (57.0) 868 (58.1)

4 74 (5.0) 64 (4.3)

Median preoperative WHODAS score (IQR)‡ 15 (13–21) 15 (13–21)

Country — no. (%)

Australia 836 (56.1) 841 (56.3)

Canada 250 (16.8) 247 (16.5)

United Kingdom 141 (9.5) 134 (9.0)

Hong Kong 111 (7.4) 116 (7.8)

United States 74 (5.0) 75 (5.0)

New Zealand 46 (3.1) 48 (3.2)

Italy 32 (2.1) 32 (2.1)

Coexisting medical condition — no. (%)

Hypertension 899 (60.3) 908 (60.8)

Coronary artery disease 212 (14.2) 250 (16.7)

Heart failure 57 (3.8) 47 (3.1)

Previous myocardial infarction 122 (8.2) 146 (9.8)

Peripheral vascular disease 95 (6.4) 92 (6.2)

Current smoker 194 (13.0) 204 (13.7)

History of stroke or TIA 105 (7.0) 115 (7.7)

Chronic obstructive pulmonary disease 244 (16.4) 254 (17.0)

Moderate or severe renal disease 101 (6.8) 108 (7.2)

Perioperative care — no. (%)

Neuraxial block 409 (27.4) 385 (25.8)

Invasive blood-pressure monitoring 1070 (71.8) 1080 (72.3)

CVP monitoring 276 (18.5) 272 (18.2)

Type of surgery — no. (%)

Esophageal or gastric 286 (19.2) 257 (17.2)

Hepatobiliary 133 (8.9) 139 (9.3)

Colorectal 646 (43.4) 651 (43.6)

Urologic or renal 220 (14.8) 223 (14.9)

Gynecologic 135 (9.1) 139 (9.3)

Other 70 (4.7) 84 (5.6)

Surgical method — no. (%)

Open 818 (54.9) 788 (52.8)

Laparoscopic 458 (30.7) 463 (31.0)

Laparoscopic-assisted 214 (14.4) 242 (16.2)

Table 1. Demographic and Perioperative Characteristics of the Patients at Baseline.*
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tion, anastomotic leak, or pneumonia), serum lac-
tate level (at 6 and 24 hours), peak C-reactive pro-
tein level, blood transfusion, duration of stay in the 
intensive care unit (ICU) and hospital, unplanned 
admission to the ICU, and quality of recovery. 
Acute kidney injury was defined according to the 
criteria of the Kidney Disease: Improving Global 
Outcomes group, on a scale of 1 to 3, with high-
er values indicating increased severity.28 We also 
recorded the incidence of renal-replacement ther-
apy up to day 90. We adjusted creatinine measure-
ments on day 1 and day 3 according to the patient’s 
fluid balance at 1 day and 3 days after surgery 
(see the Supplementary Appendix).22,29

Statistical Analysis

We performed all the analyses in a modified 
intention-to-treat population, which included all 
the patients who had undergone both random-
ization and induction of general anesthesia for 
eligible surgery. All the patients were followed 
for the duration of the trial, unless they with-
drew consent. In the latter case, data were cen-
sored at the time that consent was withdrawn.

With an expected probability of 1-year dis-
ability-free survival of 65%30,31 and a type I error 
of 0.05, we calculated that the enrollment of 
2650 patients (with 850 events of death or dis-
ability) was required to provide a power of 90% 
to detect a hazard ratio of 0.80 using the log-rank 
test. The sample size was inflated to 2800 pa-
tients to account for withdrawals and loss to 
follow-up. The steering committee met on June 
30, 2016, to discuss the results of a review by the 
data-quality committee and the accruing inci-
dence of disability. With the randomization of 
2578 patients (1443 with complete follow-up), 
300 primary outcome events had occurred, with 
a greater-than-expected probability of 1-year dis-
ability-free survival of 85%. We therefore increased 

the sample size to 3000 (with ≥380 events) to 
provide a power of 80% to detect a hazard ratio 
of 0.75. In actuality, 533 events were observed in 
the trial (event-free rate, 82%), which provided a 
power of 80% to detect a hazard ratio of 0.78.

We used the Kaplan–Meier method to calcu-
late the probability of the primary outcome. Haz-
ard ratios for the time until the occurrence of 
disability or death between the two groups were 
estimated with the use of a Cox proportional-
hazards model, in which data for patients with-
out an event were censored at the date of the last 
contact, with assessment of proportionality of 
hazards based on Schoenfeld residuals testing (see 
the Supplementary Appendix). Analyses of the 
time until death or a new onset of disability were 
performed similarly.

For outcomes that were measured on a binary 
scale, we used log-binomial regression to estimate 
risk ratios directly or exact logistic regression to 
approximate these values if the number of events 
in either group was fewer than 10. In the analy-
ses of end points regarding acute kidney injury, 
we used multiply imputed fluid-balance measure-
ments if such values were missing (see the Sup-
plementary Appendix). Outcomes regarding the 
duration and length of hospital stay in the two 
groups were compared with the use of the Wil-
coxon–Breslow–Gehan test, with data censored 
at 30 days and in-hospital deaths assigned the 
longest duration of stay. Continuous outcomes 
were analyzed with the use of linear regression 
with robust standard errors; these were first log-
transformed if the values were right-skewed, or 
median regression was used if the values were 
left-skewed. A post hoc procedure to control for 
multiple testing was applied to all secondary 
outcomes with the use of the Holm–Bonferroni 
method,32 with a family-wise significance level 
of 0.049 to account for the interim analysis. 

Characteristic
Restrictive Fluid 

(N = 1490)
Liberal Fluid 
(N = 1493)

Median duration of surgery (IQR) — hr 3.3 (2.4–4.6) 3.3 (2.5–4.5)

Planned postoperative care in HDU or ICU — no. (%) 416 (27.9) 418 (28.0)

*  There were no significant differences between the groups at baseline. CVP denotes central venous pressure, HDU high-
dependency unit, ICU intensive care unit, IQR interquartile range, and TIA transient ischemic attack.

†  The American Society of Anesthesiologists (ASA) criteria for physical status include a classification for normal health (1), 
mild systemic disease (2), severe systemic disease (3), and severe systemic disease that is a constant threat to life (4).

‡  The score on the World Health Organization Disability Assessment Schedule (WHODAS) estimates the amount of dis-
ability, with scores of 24 or greater indicating at least moderate disability.

Table 1. (Continued.)
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Sensitivity analyses with respect to missing data 
are provided in the Supplementary Appendix.

Data for patients were analyzed in subgroups 
that included sex, age quartile, location of trial 
center (country), presence or absence of colorec-
tal surgery, and use or nonuse of a goal-directed 
device. Analyses of heterogeneity of effects across 
subgroups were performed with the use of treat-
ment-by-covariate terms added to the Cox regres-
sion models.

R esult s

Patient Enrollment and Follow-up

From May 2013 through September 2016, a total 
of 5223 patients met the eligibility requirements 
for enrollment at 47 centers in seven countries. 
Of these patients, we randomly assigned 3000 
patients to a restrictive fluid regimen (1501 pa-
tients) or a liberal fluid regimen (1499 patients) 
(Table S1 and Fig. S1 in the Supplementary Ap-
pendix). Of these patients, 2983 (99.4%) met the 
inclusion criteria for the modified intention-to-
treat population (1490 in the restrictive fluid 
group and 1493 in the liberal fluid group). The 
mean number of patients per site was 64 (range, 
1 to 227). The mean age was 66 years, 43% un-
derwent colorectal surgery, and 64% underwent 
cancer surgery. There were no significant differ-
ences between the groups at baseline (Table 1, 
and Table S2 in the Supplementary Appendix). 
Among the patients who had undergone ran-
domization, 1-year outcome data were available 
for 2901 (96.7%) (Table 1, and Fig. S1 in the 
Supplementary Appendix).

Trial Treatment

The volumes of fluids that were administered to 
patients in each group are presented in Table 2, 
and in Tables S3 to S5 in the Supplementary Ap-
pendix. During surgery, the median rate of fluid 
infusion was 6.5 ml per kilogram per hour (in-
terquartile range, 5.1 to 8.4) in the restrictive 
fluid group and 10.9 ml per kilogram per hour 
(interquartile range, 8.7 to 13.5) in the liberal 
fluid group. On postoperative day 1, the median 
rate of fluid infusion was 0.9 ml per kilogram 
per hour (interquartile range, 0.7 to 1.2) in the 
restrictive fluid group and 1.5 ml per kilogram 
per hour (interquartile range, 1.2 to 1.7) in the 
liberal fluid group.

Selected ERAS elements that were aimed at 

improving outcomes were not clinically different 
across groups (Table S6 in the Supplementary Ap-
pendix). Patients in the restrictive fluid group were 
more likely than those in the liberal fluid group to 
receive vasopressor support (P = 0.02), have lower 
urine output (P<0.001), and have a higher inci-
dence of oliguria or anuria (P<0.001) but were 
less likely to require red-cell transfusion (P = 0.02) 
or gain weight during the first 2 days after sur-
gery (Table S7 in the Supplementary Appendix).

Primary Outcome

The median follow-up time was 366 days in each 
group. The rate of disability-free survival at 1 year 
was 81.9% in the restrictive fluid group and 
82.3% in the liberal fluid group (hazard ratio for 
death or disability, 1.05; 95% confidence interval, 
0.88 to 1.24; P = 0.61) (Table 3 and Fig. 1, and Fig. 
S2 in the Supplementary Appendix). Death or per-
sistent disability occurred in 267 patients (95 deaths 
and 172 cases of persistent disability) in the re-
strictive fluid group and in 261 patients (96 deaths 
and 165 cases of persistent disability) in the lib-
eral fluid group. The effect of restrictive fluid 
therapy on the risk of disability-free survival was 
consistent across subgroups, including planned 
use of a goal-directed device (P = 0.37), with the 
exception of sex and country, including a signifi-
cant between-group difference among residents of 
New Zealand (Fig. 2). The distributions of baseline 
variables in female patients and residents of New 
Zealand are provided in Tables S8 and S9 in the 
Supplementary Appendix, respectively.

Secondary Outcomes

Acute kidney injury occurred in 124 patients (8.6%) 
in the restrictive fluid group and in 72 patients 
(5.0%) in the liberal fluid group (P<0.001), as cal-
culated from the average of 10 multiply imputed 
data sets (Table 3). Renal-replacement therapy was 
performed in 13 patients (0.9%) and 4 patients 
(0.3%), respectively (unadjusted P = 0.048; thresh-
old level for statistical significance after adjust-
ment for multiple comparisons, P = 0.004) (Table 3, 
and Table S12 in the Supplementary Appendix). 
The risk of acute kidney injury was largely unaf-
fected by the assigned treatment if postoperative 
creatinine values were not adjusted according to 
fluid balance or with the use of additional meth-
ods to account for missing data (Tables S10 and 
S11 in the Supplementary Appendix).

Septic complications or death up to 30 days 
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after surgery occurred in 323 patients (21.8%) in 
the restrictive fluid group and 295 patients (19.8%) 
in the liberal fluid group (P = 0.19). Surgical-site 
infection occurred in 245 patients (16.5%) in the 
restrictive fluid group and in 202 patients (13.6%) 
in the liberal fluid group (unadjusted P = 0.02; 
threshold level for statistical significance after 
adjustment for multiple comparisons, P = 0.003) 
(Table 3, and Table S12 in the Supplementary Ap-
pendix). There were no other significant between-
group differences in the rates of trial outcomes 
(Table 3, and Tables S6 and S13 in the Supple-
mentary Appendix).

Sensitivity Analyses
In sensitivity analyses, the proportion of pa-
tients who were alive and free of new-onset 
disability at 1 year was 81.4% in the restrictive 
f luid group and 83.3% in the liberal f luid 
group (P = 0.13 by Cox regression); modifica-
tions to the disability definition did not mean-
ingfully change the results (Tables S14 and S15 
and Figs. S3 and S4 in the Supplementary Ap-
pendix). Results were largely unchanged after 
adjustment for stratification factors that were 
used in randomization (Tables S16 and S17 in 
the Supplementary Appendix).

Variable
Restrictive Fluid 

(N = 1490)
Liberal Fluid 
(N = 1493) P Value

During surgery

Median intraoperative blood loss (IQR) — ml 200 (100 to 400) 200 (100 to 500) 0.14†

Median intraoperative fluid administration 
 (IQR) — ml

Crystalloid 1677 (1173 to 2294) 3000 (2100 to 3850) <0.001

Colloid‡ 500 (250 to 800) 500 (400 to 1000) 0.01

Median infusion rate (IQR) — ml/kg/hr 6.5 (5.1 to 8.4) 10.9 (8.7 to 13.5) <0.001

In PACU§

Median administration of fluid (IQR) — ml

Crystalloid 160 (90 to 302) 300 (160 to 500) <0.001

Colloid‡ 400 (250 to 500) 500 (250 to 500) 0.27

Postoperative day 1, post-PACU

Median administration of fluid (IQR) — ml

Crystalloid 1556 (1200 to 1960) 2600 (2052 to 3150) <0.001

Colloid‡ 500 (250 to 1000) 500 (400 to 750) 0.89

Median infusion rate (IQR) — ml/kg/hr 0.9 (0.7 to 1.2) 1.5 (1.2 to 1.7) <0.001

At 24 hr after surgery

Median cumulative total for intravenous fluids 
 (IQR) — ml

3671 (2885 to 4880) 6146 (5000 to 7410) <0.001

Median fluid balance (IQR) — ml¶ 1380 (540 to 2338) 3092 (2010 to 4241) <0.001†

Median weight gain (IQR) — kg‖ 0.3 (−1.0 to 1.9) 1.6 (0.0 to 3.6) ND

*  ND denotes not done, and PACU postanesthesia care unit.
†  This P value was calculated from 10 imputations of missing values.
‡  Colloid was administered during the perioperative period in 369 patients in the restrictive fluid group and 309 patients 

in the liberal fluid group (P = 0.008); in the PACU in 130 patients and 92 patients, respectively (P = 0.006); and on post-
operative day 1 after leaving the PACU in 207 patients and 127 patients, respectively (P<0.001).

§  Patients who bypassed the PACU and were admitted directly to the ICU or HDU included 116 in the restrictive fluid 
group and 106 in the liberal fluid group.

¶  Data regarding fluid balance were missing for 179 patients in the restrictive fluid group and 161 in the liberal fluid 
group. Results were not meaningfully different after multiple imputation.

‖  Data regarding weight gain were missing for 1036 patients in the restrictive fluid group and 999 in the liberal fluid 
group; the P value was not calculated.

Table 2. Blood Loss and Administered Intravenous-Fluid Volumes.*
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Outcome
Restrictive Fluid 

(N = 1490)
Liberal Fluid 
(N = 1493)

Hazard or Risk Ratio 
(95% CI)† P Value

Primary outcome

Disability-free survival at 1 yr — no. (%)‡ 1223 (81.9) 1232 (82.3) 1.05 (0.88–1.24) 0.61

Death or persistent disability — no. 267 261

Death 95 96

Persistent disability 172 165

Secondary outcomes§

Composite septic outcome or death — no./total no. (%)¶ 323/1481 (21.8) 295/1487 (19.8) 1.10 (0.96–1.27) 0.19

Surgical-site infection — no./total no. (%) 245/1481 (16.5) 202/1487 (13.6) 1.22 (1.03–1.45) 0.02‖

Sepsis — no./total no. (%) 157/1481 (10.6) 129/1487 (8.7) 1.22 (0.98–1.52) 0.08

Anastomotic leak — no./total no. (%) 49/1481 (3.3) 35/1487 (2.4) 1.41 (0.92–2.16) 0.12

Pneumonia — no./total no. (%) 54/1481 (3.6) 57/1487 (3.8) 0.95 (0.66–1.37) 0.79

Acute kidney injury — no./total no. (%)** 124/1443 (8.6) 72/1439 (5.0) 1.71 (1.29–2.27) <0.001

Renal-replacement therapy — no./total no. (%) 13/1460 (0.9) 4/1462 (0.3) 3.27 (1.01–13.8) 0.048‖

Pulmonary edema — no./total no. (%) 20/1481 (1.4) 32/1487 (2.2) 0.63 (0.36–1.09) 0.10

Unplanned admission to ICU — no./total no. (%) 161/1487 (10.8) 145/1491 (9.7) 1.11 (0.90–1.38) 0.32

Median peak serum lactate level (IQR) — mmol per 
 liter††

1.6 (1.1–2.5) 1.6 (1.1–2.4) NA NA

Median C-reactive protein level on day 3 (IQR) — mg per 
liter‡‡

136 (82–198) 133 (80–200) NA 0.66

Median duration of mechanical ventilation (IQR) — hr§§ 17 (5–65) 14 (3–31) NA 0.07

Median score on quality-of-recovery scale (IQR)¶¶ 106 (89–121) 107 (90–122) NA 0.31

Median duration of stay in HDU or ICU (IQR) — days‖‖ 1.8 (1.0–3.1) 1.4 (0.9–2.9) NA 0.13

Median duration of hospital stay (IQR) — days 6.4 (3.6–10.6) 5.6 (3.6–10.5) NA 0.26

Death — no. (%)‡

At 90 days 31 (2.1) 18 (1.2) 1.73 (0.97–3.10) 0.06

At 12 mo 95 (6.5) 96 (6.6) 1.03 (0.78–1.36) 0.86

*  NA denotes not applicable.
†  The hazard ratio or risk ratio is for the restrictive fluid group as compared with the liberal fluid group.
‡  Percentages in this category were estimated with the use of the Kaplan–Meier method. Among the patients who died, 9 in the restrictive 

fluid group and 12 in the liberal fluid group had persistent disability before death at 12 months. The risks of death at 90 days and at 12 
months are listed in the table as predefined secondary outcomes.

§  All the secondary outcomes were assessed up to 30 days after surgery, with the exception of renal-replacement therapy and the duration of 
mechanical ventilation, which were assessed at 90 days.

¶  The composite septic outcome includes surgical-site infection, anastomotic leak, pneumonia, and sepsis.
‖  The P value was not significant after adjustment for multiple comparisons, with a threshold level of P = 0.004 for renal-replacement thera-

py and P = 0.003 for surgical-site infection.
**  Values for acute kidney injury are the average number of events across 10 imputations in which fluid balance was imputed after adjust-

ment for serum creatinine values on day 1 and day 3. Details regarding these analyses and sensitivity analyses are provided in the 
Supplementary Appendix.

††  Data regarding the peak serum lactate level were missing for 1057 patients in the restrictive fluid group and in 1086 in the liberal fluid 
group; the P value was not calculated.

‡‡  Data regarding the C-reactive protein level were missing for 422 patients in the restrictive fluid group and 420 in the liberal fluid group.
§§  Data regarding mechanical ventilation are for 102 patients in the restrictive fluid group and 100 in the liberal fluid group.
¶¶  Data regarding the quality of recovery on day 3 were missing for 73 patients in the restrictive fluid group and 75 in the liberal fluid group. 

The scores on this scale range from 0 (extremely poor) to 150 (excellent).
‖‖  Data regarding the duration of stay in the HDU or ICU data are for 485 patients in the restrictive fluid group and 473 in the liberal fluid 

group who were admitted at any time postoperatively.

Table 3. Primary and Secondary Outcomes.*
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Discussion

In this international trial evaluating disability-
free survival and rates of serious complications 
among at-risk patients undergoing major ab-
dominal surgery, we compared a restrictive regi-
men for the administration of intravenous fluid 
(designed to achieve zero balance during surgery 
and the 24-hour postoperative period) with a lib-
eral fluid regimen. At 1 year, the rate of disability-
free survival was not significantly higher with the 
restrictive fluid regimen than with the liberal 
fluid regimen. However, patients in the restrictive 
fluid group had a significantly higher risk of acute 
kidney injury than those in the liberal fluid group.

Perioperative intravenous-fluid therapy serves 
to restore and maintain body water, electrolytes, 
and organ perfusion to achieve homeostasis.14,33 
Avoiding too much intravenous fluid is com-
monly recommended in ERAS programs.12,14,16,33,34 
Some small trials have supported a restrictive 
fluid regimen.9,11,13 However, inappropriate fluid-
balance approaches can be harmful.24,35 In particu-
lar, acute kidney injury may result from inadequate 
administration of fluid (renal hypoperfusion)28 
or excessive administration (renal interstitial ede-
ma).19 Our findings may resolve this uncertainty, 
since we found that restricting intravenous-fluid 
administration with the aim of zero balance in-
creased the risk of acute kidney injury.

Intravenous-fluid regimens for abdominal sur-
gery have been classified as restrictive (<1.75 liters 
per day), balanced (1.75 to 2.75 liters per day), 
and liberal (>2.75 liters per day).33 In our trial, 
the patients who were assigned to the restrictive 
fluid group received a median of 1.7 liters intra-
operatively and an additional 1.9 liters during the 
24-hour postoperative period. Patients in the lib-
eral fluid group received 3.0 liters during surgery 
and an additional 3.0 liters during the first 24 
hours (similar to the amount recorded in registry 
data24 and pooled analyses of trials).10,25 In previous 
studies, intraoperative restrictive fluid replacement 
varied from 1.0 to 2.7 liters, as compared with 
2.8 to 5.4 liters in liberal fluid regimens.34 Cur-
rent recommendations suggest avoiding a weight 
gain of more than 2.5 kg,14,16 a cutoff that was 
achieved in a majority of the patients in our trial, 
including those in the liberal fluid group.

Our findings should not be used to support 
excessive administration of intravenous fluid. 

Rather, they show that a regimen that includes a 
modestly liberal administration of fluid is safer 
than a restrictive regimen. There is a belief that 
fluid-induced edema impairs wound healing. In 
contrast, we identified a higher rate of surgical-
site infection in the restrictive fluid group, pos-
sibly because of wound or anastomotic hypoper-
fusion. Fluid restriction will inevitably increase 
the need for vasopressor therapy unless hypoten-
sion is ignored.

Our trial has certain limitations. Obviously, 
clinicians could not administer intravenous flu-
ids in a blinded manner. This lack of blinding 
may have introduced bias in documentation and 
some outcome monitoring. The trial was prag-
matic and included a range of abdominal surger-
ies with an aim toward generalizability. Less 
than half of the patients were treated according 
to ERAS principles, a factor that did not influ-
ence the overall effects of the fluid intervention. 
The trial dictated the administration of fluid 
therapy during and for the first 24 hours after 
surgery, when most intravenous fluid is given; 
however, the administration of later fluid thera-

Figure 1. Probability of Freedom from Death or Persistent Disability 1 Year 
after Surgery.

With a median follow-up of 366 days, the rate of disability-free survival  
at 1 year was 81.9% in the restrictive fluid group and 82.3% in the liberal  
fluid group (hazard ratio for death or disability, 1.05; 95% confidence  
interval, 0.88 to 1.24; P = 0.61).
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py was not controlled. Many patients could not 
be weighed on days 1 to 3. We identified a lower 
risk of disability-free survival in the restrictive 
fluid group among patients in New Zealand. 

This secondary finding was based on a small num-
ber of events and cannot be explained by baseline 
imbalance, so it may be spurious. Some of the 
results for secondary outcomes may be spurious 

Figure 2. Hazard Ratios for Death or Disability in Prespecified Subgroups.

The only significant interactions between group assignment and subgroup were for sex and country, with a significant between-group 
difference for residence in New Zealand. The body-mass index is the weight in kilograms divided by the square of the height in meters. 
The American Society of Anesthesiologists (ASA) criteria for physical status include a classification for normal health (1), mild systemic 
disease (2), severe systemic disease (3), and severe systemic disease that is a constant threat to life (4). GD denotes goal-directed, HDU 
high-dependency unit, and ICU intensive care unit.
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because of an alpha-level error. However, the risk 
of acute kidney injury in the restrictive fluid 
group was highly significant and was coherent 
in the context of oliguria and the use of renal-
replacement therapy.

In conclusion, in patients at increased risk for 
complications while undergoing major abdominal 
surgery, a restrictive fluid regimen was not asso-
ciated with a higher rate of disability-free survival 
than a liberal fluid regimen 1 year after surgery. 
However, the restrictive regimen was associated 
with a higher rate of acute kidney injury.
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